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SURSRUWLRQ LV YHU\ LPSRUWDQW IRUPDQ\ RI WKH WHUUHVWULDO HFRV\VWHPV LQFOXGLQJ KXPDQV 7KH TXDOLW\ RI WKLV IUHVK
ZDWHU LVYLWDOO\ LPSRUWDQWGXH WR LWVGLYHUVHXVHV LQFOXGLQJGULQNLQJJHQHUDWLQJHQHUJ\JURZLQJFURSVKDUYHVWLQJ
ILVKUXQQLQJPDFKLQHU\DQGFDUU\LQJZDVWH:DWHU LVDOVRYLWDODVDKDELWDWIRUERWKIUHVKZDWHUDQGPDULQHSODQWV
DQGDQLPDOV>@
$PDMRUHQYLURQPHQWDOLVVXHLQ0HGLWHUUDQHDQUHJLRQLVWKHSROOXWLRQRIDTXDWLFHFRV\VWHPVWKURXJKWKHGLVFKDUJHRI
LQGXVWULDODQGGRPHVWLFHIIOXHQWVLQZDWHUERGLHV>@2QHRIWKHPDLQSROOXWLQJDFWLYLWLHVLQ0HGLWHUUDQHDQUHJLRQLV
WKHROLYHPLOOVDJULFXOWXUDOLQGXVWULHV7KH0HGLWHUUDQHDQUHJLRQDFFRXQWVIRURIWKHJOREDOROLYHRLOSURGXFWLRQ
ZKLOHDERXWRIWKHWRWDO(8ROLYHRLOLVSURGXFHGLQ*UHHFH>@
2OLYH 0LOO :DVWH :DWHU 20:: LV WKH OLTXLG E\SURGXFW JHQHUDWHG GXULQJ ROLYH RLO SURGXFWLRQ ,W FRQWDLQV
SROOXWDQWVDQGKD]DUGRXVPDWHULDOV LQGLIIHUHQWFRQFHQWUDWLRQVZKLFKPD\FDXVHQHJDWLYH LPSDFWVRQKXPDQVDQG
HQYLURQPHQWDOGHJUDGDWLRQ+HQFHVXVWDLQDEOHPDQDJHPHQWDSSURDFKHVDWWKHZDWHUVKHGOHYHODUHQHHGHGWDNLQJLQ
FRQVLGHUDWLRQGLIIHUHQWDVSHFWVRIWKLVSUHVVXUHWKDWDIIHFWWKHTXDOLW\DQGVXVWDLQDELOLW\RIZDWHUUHVRXUFHV>@
,WVKRXOGEHQRWHGWKDWRQHWRQRISURFHVVHGROLYHVSURGXFHGDSROOXWLQJORDGHTXLYDOHQWWRWKDWRILQKDELWDQWV
RUWKHSROOXWLRQGXHWRP20::FRUUHVSRQGVWRPRIGRPHVWLFVHZDJH>@$FFRUGLQJWR>@P
RI ROLYH RLO PLOO ZDVWHZDWHU DUH HTXLYDOHQW WR WKH ZDVWH SURGXFHG E\  FLWL]HQV 7KH PLFURELDO FRQWHQW RI
20::LVYDULDEOHDQGFRQWDLQVDKLJKQXPEHURIEDFWHULD DQG IXQJL$PRQJ WKHEDFWHULDO VWUDLQV LGHQWLILHGDUH
VHYHUDO VSHFLHV RI Acinetobacter Pseudomonas DQG Enterobacter 7KH SDWKRJHQLF Klebsiella pneumoniae VV
pneumoniaHKDVDOVREHHQLVRODWHGIURPXQWUHDWHGDQGWUHDWHG20::>@
7KH:DWHU)UDPHZRUN'LUHFWLYH :)' LVD IUDPHZRUNIRUD(XURSHDQHQYLURQPHQWDO OHJLVODWLRQZKLFKDLPV WR
KDUPRQL]H H[LVWLQJ(XURSHDQZDWHU SROLFLHV DQG WR LPSURYHZDWHU TXDOLW\ LQ DOO DTXDWLF HQYLURQPHQWVZLWKLQ WKH
FRPPXQLW\DUHD,WHPSKDVL]HVWKHQHHGRIQHZLQWHJUDWHGDSSURDFKUHVXOWLQJLQWKHSURWHFWLRQDQGLPSURYHPHQWRI
WKH VXVWDLQDEOHXVHRI DOOZDWHUV >@7KLV'LUHFWLYH :)'(&RI WKH(XURSHDQ3DUOLDPHQW DQGRI WKH
&RXQFLO IRUPXODWHV WKHEDVLV IRU D FRPPRQZDWHUSROLF\ IUDPHZRUN LQLWLDOO\RULJLQDWHG IURPRWKHUZDWHUUHODWHG
(XURSHDQ'LUHFWLYHVLH1LWUDWHV'LUHFWLYH%DWKLQJ:DWHU4XDOLW\'LUHFWLYH
,QWHJUDWHG5LYHU%DVLQ0DQDJHPHQW3ODQV5%03LVUHTXLUHGE\WKH'LUHFWLYHDWQDWLRQDODQGUHJLRQDOORFDOVFDOH
7KH PDLQ REMHFWLYHV RI WKH 5%03 LQFOXGH WKH SUHYHQWLRQ RI IXUWKHU GHWHULRUDWLRQ RI ZDWHU UHVRXUFHV DQG WKH
SURPRWLRQ RI VXVWDLQDEOHZDWHU XVH WKDW HQVXUHV WKH SURJUHVVLYH UHGXFWLRQ RI SROOXWLRQ $Q LQWHJUDWHG FDWFKPHQW
PDQDJHPHQWDSSURDFKXQGHUSLQVDULVNEDVHGODQGPDQDJHPHQWIUDPHZRUNWRDOODFWLYLWLHVZLWKLQDVSDWLDOODQGXVH
SODQQLQJIUDPHZRUN+RZHYHUWKHUHLVQRVWDQGDUGL]HGPHWKRGWRDVVHVVWKHULVNRIZDWHUSROOXWLRQIURP20:IRU
DQ\JLYHQ ULYHUEDVLQ7R WKLV HQG D ULVNDVVHVVPHQWPHWKRGRORJ\ LV UHTXLUHG IRUSRLQW VRXUFHZDWHUSROOXWLRQ LQ
RUGHU WRDFKLHYHHIIHFWLYHDQGVXVWDLQDEOHPDQDJHPHQWRIZDWHUUHVRXUFHV5LVNDVVHVVPHQWDQGPDQDJHPHQW LVD
XVHIXOWRROWKDWVXSSRUWVLQIRUPHGFRQVLVWHQWDQGGHIHQVLEOHGHFLVLRQPDNLQJ>@
5LVN DVVHVVPHQW SURFHVV QHHGV WR SURFHHG IURP ZHOOGHYHORSHG IUDPHZRUNV WR DGGUHVV GLIIHUHQW DVSHFWV RI
HQYLURQPHQWDOSUREOHPVDQGHOHPHQWVDQGWRUHFRJQL]HWKHOLQNDJHVEHWZHHQWKHP+RZHYHUWKHDQDO\VLVRIWKHVH
OLQNDJHVUHTXLUHVGHYHORSPHQWRIPRGHOLQJV\VWHPV ,Q WKLVFRQWH[W UHVHDUFKHUVDQGSROLF\PDNHUVUHO\PRUHDQG
PRUHRQWKHXVHRIFRPSXWHUPRGHOVWRXQGHUVWDQGDQGFRSHZLWKVXFKSUREOHPV>@
7KHVHPRGHOVSOD\DODUJHUROHLQPDQDJLQJDQGPDNLQJGHFLVLRQVDERXWZDWHUUHVRXUFHV7KH\SURYLGHLQVLJKWLQWR
KRZGLIIHUHQWREMHFWV LQWHUDFW LQ WKHQDWXUHDQGKRZ WKHVH LQWHUDFWLRQV LQIOXHQFHVZDWHU UHVRXUFHV LQDZDWHUVKHG
%HLQJDEHQHILFLDOGHFLVLRQVXSSRUWWRROULVNDVVHVVPHQWUHTXLUHVGLIIHUHQWNLQGVRIWRROVVXFKDVULVNTXDQWLILFDWLRQ
DOJRULWKPVVSDWLDOUHSUHVHQWDWLRQVDQGG\QDPLFVLPXODWLRQPRGHOVZKLFKFKDUDFWHUL]HWKHPHWKRGSURYLGHGLQWKLV
UHVHDUFK7KHDLPRIWKLVUHVHDUFKLVWRHVWDEOLVKDIUDPHZRUNIRUGHFLVLRQVXSSRUWRISRLQWVRXUFHZDWHUSROOXWLRQ
ULVNDVVHVVPHQWDQGPDQDJHPHQWDQGPRUHVSHFLILFDOO\WRGHYHORSDTXDQWLWDWLYHULVNDVVHVVPHQWPHWKRGIRU20:
SROOXWLRQ

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0DWHULDOVDQG0HWKRGV
2.1. Study area 
7KHK\GURORJLFDOEDVLQRI.HULWLVLVORFDWHGLQWKHQRUWKSDUWRI&KDQLD3UHIHFWXUHRQWKHLVODQGRI&UHWH*UHHFH,W
FRYHUVDWRWDODUHDRIKDDQGFRQVLVWVRIDERXWYLOODJHV7KHDUHDKDVDVXEKXPLG0HGLWHUUDQHDQFOLPDWH
ZLWKDQDQQXDODYHUDJHWHPSHUDWXUHRI&>@,WLVFKDUDFWHUL]HGE\DKXPLGDQGUHODWLYHO\FROGZLQWHUDQG
D GU\ DQGZDUP VXPPHU 7KHZHDWKHU GXULQJ WKHZLQWHU ZKLFK VWDUWV LQ 1RYHPEHU LV XQVWDEOH EHFDXVH RI WKH
IUHTXHQWFKDQJHVIURPORZWRKLJKSUHVVXUHV>@7KHDQQXDOUDLQIDOOIRU WKHVWXG\DUHDKDVEHHQHVWLPDWHGWREH
PP>@$FFRUGLQJWR>@DERXWRIWKHDQQXDOSUHFLSLWDWLRQLVORVWWRHYDSRWUDQVSLUDWLRQDVUXQRIIWR
VHDDQGRQO\UHFKDUJHV WKHJURXQGZDWHU7KH UDLQIDOO LVPDLQO\FRQFHQWUDWHG LQ WKHZLQWHUPRQWKVZKLOH WKH
GURXJKWSHULRGH[WHQGVWRPRUHWKDQPRQWKVIURP0D\XQWLO2FWREHU



)LJXUH/RFDWLRQRI20::ODJRRQV

7KHPRQWKO\HYDSRUDWLRQUDQJHVIURPPPWRPRUHWKDQPPLQWKHSHDNPRQWKZKLFKUHVXOWVLQDOLPLWHG
DYDLODELOLW\RI WKHZDWHU UHVRXUFHV7KHJURZLQJZDWHUGHPDQGVPDNH WKHZDWHU UHVRXUFHVPDQDJHPHQWH[WUHPHO\
LPSRUWDQW IRU VXVWDLQDEOH GHYHORSPHQW LQ WKLV UHJLRQ > @ 7KXV HQVXULQJ WKDW DYDLODEOH VXUIDFH ZDWHU LV QRW
FRQWDPLQDWHG LVDSULRULW\DQG UHTXLUHGE\ WKH:)'IRU LQWHJUDWHG5LYHU%DVLQ0DQDJHPHQW3ODQV 5%037KH
ZDWHUVKHGRI.HULWLVLVPDLQO\DQDJULFXOWXUDODUHDZKHUHWKHPRVWFRPPRQFXOWLYDWLRQVDUHROLYHWUHHVFLWUXVWUHHV
YLQH\DUGV DQG YHJHWDEOHV 7KH DUHD KDV DOVR OLJKW LQGXVWULDO DFWLYLWLHV VXFK DV ROLYH PLOOV ZLQHULHV DQG RWKHU
DJULFXOWXUDOIDFWRULHV,QWKHFRDVWDO]RQHRI.HULWLVZDWHUVKHGWKHUHDUHPDQ\WRXULVWLFXQLWV>@6L[ROLYHPLOOVDUH
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RSHUDWLQJLQWKHDUHD7KHVHPLOOVJDWKHUWKHLUSURGXFHGZDVWHZDWHULQILYHODJRRQV$OOWKHODJRRQVDUHYHU\FORVHWR
WKHVWUHDPQHWZRUNRI WKHEDVLQ)RUWXQDWHO\ LWKDVEHHQIRXQG WKDWQRQHRI WKHPLOOVKDVDSRVVLEOHIORZSDWK WR
$JLD/DNH+RZHYHU WKHSRVVLEOH IORZSDWKVZHUHDOOGLUHFWHG WR.HULWLV6WUHDPZKLFK LV WKHUHIRUH WKH VXUIDFH
ZDWHU ERG\ FRQVLGHUHG E\ WKH DQDO\VLV EHORZ 2Q WKH )LJ RYHUOHDI VKRZV WKH ORFDWLRQ RI WKH ROLYH PLOOV DQG
ODJRRQVLQUHODWLRQWRWKHZDWHUERGLHVLQ.HULWLVZDWHUVKHG

2.2. Soil Sampling  
'DWD IURP WKH ILHOG LV QHFHVVDU\ WR GHWHUPLQH VRPH FULWHULRQ YDOXHV 7KHVH FULWHULD LQFOXGH WKH ZDWHU TXDOLW\
SDUDPHWHU6DPSOHVIURPVXUIDFHZDWHUERGLHVLQWKHWDUJHWZDWHUVKHGZHUHFROOHFWHGZLWKLQDSUHSODQQHGVDPSOLQJ
VWUDWHJ\DQGDQDO\]HGIRUWKHFKHPLFDOVDQGSDUDPHWHUVDVVRFLDWHGZLWKSROOXWLQJVRXUFHQDPHO\20::

2.3. Multi Criteria Analysis (MCA) 
6HYHUDOFULWHULDKDYHEHHQGHYHORSHGDQGHYDOXDWHGXVLQJ0XOWL&ULWHULD$QDO\VLVLQRUGHUWRTXDQWLI\WKHULVNRIWKH
SROOXWLRQFDXVHGE\20::DQG WUDQVPLWWHG WRKXPDQVDQG1$785$VLWHVYLD VXUIDFHZDWHUERGLHV7KLV
DQDO\VLVKDVWKHIROORZLQJVWHSVRI0HQGR]DHWDO

2.3.1. Development of risk evaluation criteria 
(YDOXDWLRQRI WKH ULVN FDQEH DFKLHYHG E\ EUHDNLQJ LW GRZQ LQWR LWV SULPDU\ FRPSRQHQWV7KHVH FRPSRQHQWV DUH
UHODWHG WR WKH PDJQLWXGH DQG SUREDELOLW\ DQG HVWLPDWHG E\ FULWHULD $ FULWHULRQ FDQ EH GHILQHG DV D EDVLV IRU D
GHFLVLRQWKDWFDQEHPHDVXUHGDQGHYDOXDWHG>@,QWKLVFRQWH[WWKHGHYHORSHGFULWHULDDUHUHODWHGWRWKHIROORZLQJ
FRPSRQHQWV
&RPSRQHQWVRIPDJQLWXGH
x VWPDJQLWXGHFRPSRQHQWVSDWLDOVFDOH
x QGPDJQLWXGHFRPSRQHQWWHPSRUDOVFDOH
&RPSRQHQWVRISUREDELOLW\
x VWSUREDELOLW\FRPSRQHQWSUREDELOLW\RIKD]DUGRFFXUULQJ
x QGSUREDELOLW\FRPSRQHQWSUREDELOLW\RIUHFHSWRUEHLQJH[SRVHGWRKD]DUG
x UGSUREDELOLW\FRPSRQHQWSUREDELOLW\RIKDUPUHVXOWLQJIURPH[SRVXUH

+DYLQJ IXOO\ XQGHUVWRRG WKH ULVN JHQHUDWLQJ SURFHVV DQG WKH FRQWUROOLQJ IDFWRUV DV ZHOO DV WKH FKDUDFWHULVWLFV RI
20::(OHYHQ FULWHULD KDYHEHHQGHYHORSHG LQ WKH IUDPHRI HDFK FRPSRQHQWV DERYHPHQWLRQHG ,W LV LPSRUWDQW
KHUHWRVWDWHWKHDGGUHVVHGULVNZKLFKLVWKHULVNRI20::RQKXPDQKHDOWKDQGHFRORJLFDOYDOXHVZKLFKPD\EH
FDUULHGE\WKHVXUIDFHZDWHUERGLHV6LQFHWZRJURXSVRIUHFHSWRUVZHUHFRQVLGHUHG+XPDQVDQG1$785$VLWHV
WKHDVVHVVPHQWKDVEHHQSXUVXHGLQWZRGLUHFWLRQV7KLVPHDQVWKDWHYHU\GLUHFWLRQKDVLWVRZQFULWHULDZKLFKPLJKW
EHLQWHUFRQQHFWHGZLWKRWKHUGLUHFWLRQ%HORZLVDGHVFULSWLRQRI WKHUDWLRQDOZD\E\ZKLFKWKHFULWHULDKDYHEHHQ
GHYHORSHGIRUERWKUHFHSWRUJURXSV)LJXUH

2.3.2. Standardization of criterion values; 
%HFDXVHRI WKHGLIIHUHQWVFDOHVXSRQZKLFKFULWHULDDUHPHDVXUHG LW LVQHFHVVDU\WRVWDQGDUGL]HWKHPEHIRUHEHLQJ
FRPELQHG7KHUHDUHYDULHWLHVRIVWDQGDUGL]DWLRQSURFHGXUHVW\SLFDOO\XVLQJWKHPLQLPXPDQGPD[LPXPYDOXHVDV
VFDOLQJSRLQWV>@7KHVHIXQFWLRQVWUDQVIRUPWKHYDOXHVWRGLPHQVLRQOHVVYDOXHVEHWZHHQDQGZKLFKPDNHVWKH
FULWHULDRIGLIIHUHQWGLPHQVLRQVFRPSDUDEOH>@7KHIXQFWLRQVDUHLPSOHPHQWHGHLWKHUDVDEHQHILWWKHKLJKHUWKH
FULWHULRQVFRUHWKHKLJKHUWKHOLNHOLKRRGRUPDJQLWXGHRIULVNRUDVDFRVWWKHORZHUWKHFULWHULRQVFRUHWKHKLJKHU
WKHOLNHOLKRRGRUPDJQLWXGHRIULVN7KHOLQHDUVFDOLQJIXQFWLRQVDUH
DIRUEHQHILWFULWHULD
ܥ௜ ൌ 
ோିோ೘೔೙
ோ೘ೌೣିோ೘೔೙

EIRUFRVWFULWHULD
ܥ௜ ൌ 
ோ೘ೌೣିோ
ோ೘ೌೣିோ೘೔೙

ZKHUH
CiWKHVWDQGDUGL]HGFULWHULRQYDOXH
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RWKHRULJLQFULWHULRQYDOXH
RminWKHPLQLPXPYDOXHRIDOOXQLWVODJRRQVRUVXEFDWFKPHQWVDQG
RmaxWKHPD[LPXPYDOXHRIDOOXQLWVODJRRQVRUVXEFDWFKPHQWV


)LJXUH,OOXVWUDWLRQRIWKHIDFWRUVFRQVLGHUHGLQFULWHULRQGHYHORSPHQW

2.3.3. Assignment of criterion weights 
,QGLYLGXDOIDFWRUVDUHZHLJKWHGWRUHIOHFW WKHLUUHODWLYHLPSRUWDQFHZLWKUHVSHFW WR WKHULVN+HQFHIDFWRUV WKDWDUH
GHHPHGPRUHVLJQLILFDQWLQGLFDWRUVRIULVNIRUDJLYHQVXEFDWFKPHQWFDQEHDVVLJQHGKLJKHUZHLJKWVWKHUHE\JLYLQJ
WKHP JUHDWHU LPSRUWDQFH LQ WKH HVWLPDWLRQ RI WKH ULVN RI SRLQWVRXUFH ZDWHU SROOXWLRQ >@ 7KHVH ZHLJKWV DUH
DVVLJQHGZLWKLQHYHU\JURXSRIFULWHULDWRVKRZWKHLPSRUWDQFHRIHYHU\FULWHULRQLQUHODWLRQWRWKDWFRPSRQHQW,Q
RUGHUWRFDOFXODWHWKHZHLJKWVRIPXOWLSOHFULWHULDWKH$QDO\WLF+LHUDUFK\3URFHVV$+3ZDVXVHG$+3LVDPXOWL
FULWHULDGHFLVLRQVXSSRUWPHWKRGGHYHORSHG>@ZKLFKXVHVSDLUHGFRPSDULVRQVLQRUGHUWRFDOFXODWHWKHZHLJKWVRI
PXOWLSOHFULWHULD7RFDOFXODWHWKHFRQVLVWHQF\UDWLR&5ZKLFKLVDQXPHULFDOLQGH[WKDWGHWHFWVLQFRQVLVWHQFLHVWKDW
PD\DULVHGXHWRKXPDQHUURULWLVUHFRPPHQGHGWRUHYLVHWKHSUHIHUHQFHPDWUL[LIWKHFRQVLVWHQF\UDWLRH[FHHGV
7KLVUDWLRLVFDOFXODWHGXVLQJWKHIROORZLQJIRUPXODV
  ܥܴ ൌ  ஼ூ
ோூ

DQG
   ܥܫ ൌ  ఒ೘ೌೣି௡
௡ିଵ

ZKHUH
CR FRQVLVWHQF\UDWLR
CI FRQVLVWHQF\LQGH[
RI DYHUDJHFRQVLVWHQF\LQGH[VKRZQLQ7DEOHEHORZ
Ȝmax JUHDWHVW(LJHQYDOXHRIWKHSUHIHUHQFHPDWUL[DQG
n RUGHURIPDWUL[
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
)LJXUH)ORZFKDUWRIFDOFXODWLRQPRGHODWWKHODJRRQOHYHOIRUKXPDQV1$785$VLWHVDVUHFHSWRUV

2.3.4. Applying an aggregation rule. 
,QWKLVVWHSVWDQGDUGL]HGFULWHULRQVFRUHVDUHFRPELQHGXVLQJDQDJJUHJDWLRQUXOH$JJUHJDWLRQUXOHLVWKHSURFHGXUH
E\ZKLFKFULWHULDDUHVHOHFWHGDQGFRPELQHGWRDUULYHDWDSDUWLFXODUHYDOXDWLRQRIWKHULVN0XOWL&ULWHULD(YDOXDWLRQ
0&( FDQ EH DFKLHYHG E\ ZHLJKWHG OLQHDU FRPELQDWLRQ :/& SURFHGXUH ZKHUHLQ VWDQGDUGL]HG FULWHULD DUH
FRPELQHGE\PHDQRIDZHLJKWHGDYHUDJH>@7KXVWKHHTXDWLRQE\ZKLFKWKHFULWHULDDUHFRPELQHGLV

    ܥܫ ൌ  ఒ೘ೌೣି௡
௡ିଵ
 
ZKHUH
R WKHULVNYDOXHRIVSHFLILFVXEFDWFKPHQW
Wj WKHZHLJKWRIFULWHULRQjDQG
Ci WKHVFRUHRIFULWHULRQi. 

7KLV FDOFXODWLRQPRGHO LV VKRZQ JUDSKLFDOO\ LQ )LJXUH  IORZFKDUW DW WKH VXEFDWFKPHQWV OHYHO IRU ERWK UHFHSWRU
JURXSVDWWKHODJRRQOHYHOIRUERWKKXPDQVDQG1$785$VLWHVDVUHFHSWRUV

5HVXOWVDQG'LVFXVVLRQ

6DPSOLQJVWUDWHJ\FRQVLVWVRIFROOHFWLQJVDPSOHVIURPWKHSRLQWVZKHUHWKHSRVVLEOHIORZSDWKVIURPODJRRQVMRLQWKH
UHFHLYLQJ VWUHDPV 7DEOH)LYHGLIIHUHQW VDPSOH ORFDWLRQV LQ WRWDO DUH VKRZQ LQ)LJXUH+RZHYHU WKHUHZHUH
VRPHFDVHVZKHUHWKHVDPSOHVZHUHFROOHFWHGIURPORFDWLRQVIXUWKHUDORQJRIWKHVHMRLQLQJSRLQWVGXHWRGLIILFXOWLHV
LQWKHDFFHVVLELOLW\WRWKHVHSRLQWV7KLVVDPSOLQJVWUDWHJ\ZDVGHVLJQHGLQRUGHUWKHFKHPLFDOWHVWVWRVKRZWKHZRUVW
FDVH ZKHUH WKH SROOXWDQWV DUH LQ WKH KLJKHVW SRVVLEOH FRQFHQWUDWLRQV DQG QRW DIIHFWHG E\ WKH GLOXWLRQ SURFHVV ,W
VKRXOGEHQRWHGWKDWWKHGLOXWLRQRIWKHSROOXWDQWVLVWDNHQLQFRQVLGHUDWLRQLQDQRWKHUFULWHULRQ6XFKDQDSSURDFK
UHVWULFWVELDVHGVDPSOLQJDQGPLQLPL]HVWKHELDVRIRQHFULWHULRQ
VHIIHFWWRWKHRWKHU
434   Mohamed Elhag and Jarbou A. Bahrawi /  Procedia Earth and Planetary Science  15 ( 2015 )  428 – 434 

5HIHUHQFHV

 %DUEHUD$&0DXFLHUL&&DYDOODUR9 ,RSSROR$DQG6SDJQD* (IIHFWVRIVSUHDGLQJROLYHPLOOZDVWHZDWHURQVRLO
SURSHUWLHVDQGFURSVDUHYLHZ$JULFXOWXUDO:DWHU0DQDJHPHQW±
 %LOOLQJWRQ .  5LYHU 0XUUD\ DQG /RZHU /DNHV &DWFKPHQW 5LVN $VVHVVPHQW 3URMHFW IRU :DWHU 4XDOLW\  0DQQXP WR
0\SRORQJD7ULDO(QYLURQPHQW3URWHFWLRQ$XWKRULW\
 '()5$ 'HSDUWPHQW IRU (QYLURQPHQW )RRG DQG 5XUDO $IIDLUHV  *XLGHOLQHV IRU (QYLURQPHQWDO 5LVN $VVHVVPHQW DQG
0DQDJHPHQW
 'LHW]5 7KH8VHRI*,6 IRU ,QWHJUDWHG:DWHUVKHG$QDO\VLV ,QWHJUDWLRQRI(QYLURQPHQWDO0RGHOVZLWK*,6 LQ WKH8SSHU
5RDQRNH5LYHU:DWHUVKHG9LUJLQLD3RO\WHFKQLF,QVWLWXWHDQG6WDWH8QLYHUVLW\86$
 (DVWPDQ-5,'5,6,.LOLPDQMDUR*XLGHWR*,6DQG,PDJH3URFHVVLQJ&ODUN/DEV&ODUN8QLYHUVLW\86$
 (3$ 7KH 3UHVLGHQWLDO&RQJUHVVLRQDO &RPPLVVLRQ RQ 5LVN$VVHVVPHQW DQG 5LVN0DQDJHPHQW  5LVN$VVHVVPHQW DQG 5LVN
0DQDJHPHQWLQ5HJXODWRU\'HFLVLRQ0DNLQJ)LQDO5HSRUW9ROXPH
 *RXOD $ 0 DQG $GDPRSRXORV . *  $ 0HWKRG IRU 3UHSDULQJ D 1RYHO 6ROLG 3URGXFW IURP 2OLYH 0LOO :DVWHZDWHU
:DVWHZDWHU&KDUDFWHUL]DWLRQDQG3URGXFW5HFRYHU\'U\LQJ7HFKQRORJ\
 .DORJHUDNLV 1 3ROLWL0 )RWHLQLV 6 &KDW]LV\PHRQ ( DQG0DQW]DYLQRV '  5HFRYHU\ RI DQWLR[LGDQWV IURP ROLYHPLOO
ZDVWHZDWHUVDYLDEOHVROXWLRQWKDWSURPRWHVWKHLURYHUDOOVXVWDLQDEOHPDQDJHPHQW-RXUQDORI(QYLURQPHQWDO0DQDJHPHQW

 .DSHOODNLV,7]DQDNDNLV9$DQG$QJHODNLV$1/DQG$SSOLFDWLRQ%DVHG2OLYH0LOO:DVWHZDWHU0DQDJHPHQW:DWHU

 0HQGR]D*$DQG0DFRXQ3*XLGHOLQHVIRU$SSO\LQJ0XOWL&ULWHULD$QDO\VLVWRWKH$VVHVVPHQWRI&ULWHULDDQG,QGLFDWRUV
&HQWHUIRU,QWHUQDWLRQDO)RUHVWU\5HVHDUFK&,)25-DNDUWD,QGRQHVLD
 0HQGR]D * $ $QGHUVRQ $ % DQG *HUWQHU * =  ,QWHJUDWLQJ 0XOWLFULWHULD $QDO\VLV DQG *,6 IRU /DQG &RQGLWLRQ
$VVHVVPHQW 3DUW ,  (YDOXDWLRQ DQG 5HVWRUDWLRQ RI 0LOLWDU\ 7UDLQLQJ $UHDV -RXUQDO RI *HRJUDSKLF ,QIRUPDWLRQ DQG 'HFLVLRQ
$QDO\VLV*,'$
 1DVVDU11$UDU/$0DUHL11$EX*KDQLP00'ZHNDW06DQG6DZDOKD6+ 7UHDWPHQWRIROLYHPLOO
EDVHG ZDVWHZDWHU E\ PHDQV RI PDJQHWLF QDQRSDUWLFOHV 'HFRORXUL]DWLRQ GHSKHQROL]DWLRQ DQG &2' UHPRYDO (QYLURQPHQWDO
1DQRWHFKQRORJ\0RQLWRULQJDQG0DQDJHPHQW±
 1LDRXQDNLV0DQG+DOYDGDNLV&3 2OLYH3URFHVVLQJ:DVWH0DQDJHPHQW/LWHUDWXUH5HYLHZDQG3DWHQW6XUYH\6HFRQG
HGLWLRQ(OVHYLHU
 3DOLDW]LNL$ $QDO\VLVRI(QYLURQPHQWDO3UHVVXUHV DQG ,PSDFWV LQ WKH.RLOLDULV5LYHU:DWHUVKHG06F7KHVLV7HFKQLFDO
XQLYHUVLW\RI&UHWH
 3DSDILOLSSDNL$*DVSDUDWRV'+DLGRXWL& DQG6WDYURXODNLV* 7RWDO DQGELRDYDLODEOH IRUPVRI&X=Q3EDQG&U LQ
$JULFXOWXUDOVRLOVDVWXG\IURPWKHK\GURORJLFDOEDVLQRI.HULWLV&KDQLD*UHHFH*OREDO1(67-RXUQDO
 5HNRODLQHQ 6 .DPDUL - DQG+LOWXQHQ0  $ FRQFHSWXDO IUDPHZRUN IRU LGHQWLI\LQJ WKH QHHG DQG UROH RI PRGHOV LQ WKH
LPSOHPHQWDWLRQRIWKH:DWHU)UDPHZRUN'LUHFWLYH,QWO-5LYHU%DVLQ0DQDJHPHQW
 6DDW\7+RZWRPDNHDGHFLVLRQ7KH$QDO\WLF+LHUDUFK\3URFHVV8QLYHUVLW\RI3LWWVEXUJK
 6DDW\7/7KH$QDO\WLF+LHUDUFK\3URFHVV0F*UDZ+LOO1HZ<RUN
 6NHUUDWW*DQG$PPDU(7KH$SSOLFDWLRQRI5HHGEHG7UHDWPHQW7HFKQRORJ\WRWKH7UHDWPHQWRI(IIOXHQWVIURP2OLYH2LO
0LOOV&HQWUHIRU(QYLURQPHQWDO7HFKQRORJ\6WDIIRUGVKLUH8QLYHUVLW\
 6RXSLRV30.RXOL09DOOLDQDWRV)9DILGLV$DQG6WDYURXODNLV*(VWLPDWLRQRIDTXLIHUK\GUDXOLFSDUDPHWHUVIURP
VXUILFLDOJHRSK\VLFDOPHWKRGV$FDVHVWXG\RI.HULWLV%DVLQLQ&KDQLD&UHWH*UHHFH-RXUQDORI+\GURORJ\
 :RRGIRUG&:DWHUSROOXWLRQDQLQWURGXFWLRQ7KH8.5LYHUV1HWZRUN
 =DJNOLV'3$UYDQLWL(&3DSDGDNLV93DQG3DUDVNHYD&$6XVWDLQDELOLW\DQDO\VLVDQGEHQFKPDUNLQJRIROLYHPLOO
ZDVWHZDWHUWUHDWPHQWPHWKRGV-RXUQDORI&KHPLFDO7HFKQRORJ\DQG%LRWHFKQRORJ\



